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tuflBMoSix it. x:*«l. 7-3. 3T'^l)C:h$:# 

i mt<m 5 ] mm i ^ v ^ 1 4 o v ^-ttiMzimm 
mimmzii\>^x. mMmmw. h^a^s-i oo 

mme ] mm i ^j:\^i5<D\^'ffi:hHztm<D'4 

±.mzmixh^zbmwit-t^^mi^mm, 
rmmi : mm6(^zmm<^mmmz}5\.^x. 
mmm'f-co'-mit. mxm=fco±mzmi^tzmm 
fc« uzii^-ft ixmtmim'f-i^z^mLxhh:! t 

mm8] mmi^j:\'^i5(^\,^'ftiMzm(o^ 
mmmzis\.-^x . 'mmm^fn-m^- hmm 
tfcirrmmm^izm^xmm^fi. mmtm=f(^ 
mitm^y- hmttzmi^mmwim^xmf 
t:fmmm^im.^itixmy- hmttcm 
mnmmazm ixh^zt mmt t^mi^m 

[ if 9 1 mm 1 ^ V ^ L 5 CO I. ^-THMzmmco^ 

\i^ti-M(7)}&mmi^zm<'oxm^^ti. mm&f- 
(^mmiimmmmr^xmiitzmtmmf^itz'n. 
^iYixt&.mizimtxhh:ihmmtth^m 
mm. 

mm 1 0 ] mm l =3: L 5 {::iB|fc<:04^#:^M 

^Lxh^ztmmt-t^^i^mm. 
mmi 1 ] mwm±.ttzmmmmizm 
mm^t^mm^tmmm^^zm^ix\.^imm 

imm 1 2 ] mm 1 1 t=iBE<^#f4^i£tc±it^ 
wm=f'b^wm=^bmmmzt^tx\^h^m 



z^bmnbth'-mmu, 

mmiA^ mmi3mmn^mm.^zi^\^ 

x.mmosi^ii^ x^i. 7-3. sx^^zb 

[ mm 1 5 3 mm 1 1 =srv ^ l 1 4 cos^^-m^Hzm 
m<7)mmmiizi5\,\x. mmmm. /i^^o^s- 
ioonmT$>hcb^mbi-mmmm. 
till^i63 w^ii^rv^Liswrnme 

^^^Lx\*-^h^b^mb't^mmw,. 

[15^173 ig^^lO=5:v^tl6W-f3fi*Hcie 

h a-X9gi^£7)±^fcm LT 35 1) c: i: 

(Mill 8 ] mmi 7mmco^i^mmiz^^^ 
X. miet^-x^^^coi®^, t:^-xm'f<7)±mz 
mmdmmm0.uzii^irixmmta.-xm^i>z 
m^Lxh^iibmrnb-thmw^m. 
[i^Mi 93 mmi i^j:\^Liem^'ffitHzm 
m(r>^imm(>zii\,^x. mUt:2.'-xmw-n(oy 
-himmtfzitTmmmmzmi}<->xBf&-^fi. mB 

'^m-oxmmzmmmf^uc^^iYixmi^y- 
higmtzmmTrnm^zm vxmzb ^:mb 

mm2 0 3 mmi i=s:v^l i et^v^-m^-tciB 

iii^mnm^itz-mmMmzm^xm^^ 
ti. ■m\:::i^-xm<ommmmm^xmi 
fcmmm^im^i^ix^mifzmixh^:: 

brnWibi-^mmUo 

[ mm 2 1 3 mm 1 1 ^ v ^ l i e v ^-niMzm 
m(7)^i^mm^zn\^^x. iiuiaha.-x»c7)t(£®{i:h 
:^-xm=f'<ormzmnx h^zbemb t^^^w 
mm. 

mm2 2 ] mmim±.ttzii.^i^m^i>zm 
wm=ft^wm=fbibmm^mi>z^-^Lx\^:^mm 
mco^ifmzii\.^x. mi^wm±if(^mizm 
mmmf^-t^xnb. mmMtM±<r>miiZ^^t 
tsnmttzimo si^ B^mm-hxub.m^ 
i^s^r-^tfT i nmttzimim o s i , m^Mnix 

mm. 

[M^2 3 3 mm2 2iizim(7)mmmm 
mi>zis\>^x. mmm=f'tfMm^h:L'-'Xm=f'(7> 
^Mj:<bi>^'^'mi)>-ifm^itc(^-h. mmmm 
m(Dmizmmmm'^xmb. mmm^^tt:: 
tittir^fc :L--xm'f-(7)±m'mmmiznmiim0, 
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m<omiizmi(otmmmm'^xmt. m^y- 
hnmti:i},mmrmmi<o±mmm i (^mmi^z 
mimmimm'^xnt. mmi(o^m<r>± 

mzmm^^t^r i Nmttzim o s i , mmm-^ 
xmt . mmm^i^tsT i NiM^j^ci^M o s i , 
MxLx-Mmuy- hmmmtzmmnmmr^ 

-m^^-iomj^t^xmt. mm^i^m,<o^mi^z 

tmmLfzm2mMiimf^t^xmt. im^^2 
0mim<7)£mz^mmmitiuz<oib. ^mm^Mx 

mmwdmrn^ :L-xm'^cr>immm-^xm 
t ^tth c t mwitthmimmmm. 
imm25} mm^±trdt^mi^mni.zm 
mmtmm^f'bmmm^^ix^.-^hmm 
ummmiz^^-^x. 'mmmmm2nuim 
mmm-^xmt. imm^m^<^mitzmm 
mm-hxnt. mmm^mmtmmazmi 
(om^mm-^xmt. m^smm<D±mi^zmm^ 
•^trT 1 mttz\m o s i , mmm-^xnt . t 
imm-^tsT i mttzimm o s i , m^iMxi 
x-n<Dmmmizm^'^xmmf-tfzii^:^-x 

^wm.<o^mi>zmimmm-hxmb. mfiM 
m±mmmmm t m^w^ t^nmLfz%2 m. 
m^mm-txnt. mwmm(o±.mz±mmm 
r^Lfz<n%. ±m.^iBXLXmmm.miz-m.Lfzm 

tl«2 6 3 ^Wm.htfz\t^m\lMP%^z^ 

mm t «3g^ t mmmzm^ l x v ^ >5, ^i^m 
mmmmzi5\^x. mmmi¥m<om(zmmm 

mttzimosi, mmm-txnt. mmm 
■^tsT i mttziitmuo s i, mt:mxtxmim 

-t^xub. mtmm^f'tfz^ttcL-xm^f^zm 
mm^uz<oio. mmnfaLLxmtmm=ftti 
Miat a.'-xm=¥-(^nmmm-^xnb ^-^tt 



[ m^m 2 7 ] m^m 2 e mm<^'-mmm(o^ 
m^xh-^x. mmmmcoxmzmm^'ttsT i m 
tfzimos i , mmm-^xmk. mmmMB^ 
mzmmm^ttsT i mttzim osi, mxi,zm 
2(ommmm'hxn^i^^. mmmmit. mte^ 

[ii^2 8] ^wmttzii^mmmzm 
m'i'tmmtmmmzm^ix\>^&mmm. 
<omkml>zi5\^x. im^a^mcomizmm^ 
mm-^xmt. mimM±m^Lx^mtf^ii>^j: 
^mm^2mmm'^xnt. mm2mmmzm^ 
X. imm(o±mzmm^'^tsr i mttim os i 
, M^mm^xmt. wimm^i^tsTiNrnttzii 
mieMosi, m^i}nxixmjim=ftfzitha.'~x^ 
=f<7)'j^-tc< t h^^-ffi^^umm^xnt . ^^t 
hut mmthmmm<om.iim. 

m^i^^m(om.if^izio\^-^x. mmm^tt^r 
i m^mm-^xmii. xA-^^iciOTi ni^?^ 
m-^xnt. mi^^^^y^i>zx^m^uzTim\>z 
mm^^y^m.-rixmt ^^tiz t mm-t^^ 

wmm 3 0 ] imm2 2^v^ 1 2 8(o\^-^-rti:bHzB 
m<7)mmmmmi>zi5\^x. mmm^i^tsT 
i Nmmm-^xm^t. ^izx i mm 
m-^xmt. im:^^^^y^iizx m^ttzr % mt: 
Mitt^xmt t:^tsz t mmti-^mmmm 
mm. 

m^3 1 ] m^m 2Jarv>t 2 8cov^*m*'{ciB 

m(o^i^^m^Tmzi5\\x. mmm^-^tsT 

T i ^^-y'yhtLrz:^^'^^y:$^izX mi^thCt^ 

m^ms 2 ] mtim2 255rv^ 1 2 s^^v^i^^hcib 
m<^^i¥i^mwMifmzii^^x. mmmm^-^t^r 

■h. mm:ff:^t^m:^:^t^^^thnm%^xr::i- 

[ mm. 3 3 ) mm 2 2 ^ v ^ l 2 s ^-mmzti 
m<ri^wmw<r)^■m^zii\^x . ntnaMosi, m 

Si, ^^-y^'jhtLfzxj-^^y^izxmm-hz.h 
tooon 

=f-bmmmiz^ txhhmmw£}£<r>mm 
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[0002] 

:^ (TiW) •«^-</^r;^-^J^^i^-^^, ^i^l^zmm 

b'mm^fix\i'iti. 

[0004] 

mmmmixdttmm] tt^i. imitim^ 

mwbt{:'ox\^tz. mt^f. m.mm.m±^ti:T 
in^muzm^xh^xh. iUSfii:«ioo//Q 

• cmm^Xhhfz^. Ti-uym^zm^^hflhi^-V 
1 0 0 n/D-ISc k Q/Ucrymjimi. ott 

^t. mKm^<7)j'^is^--ymm'Si>z^<-t^im^^h 

y s/tj :nycom.imi}^i<^ \^fzi!b(,z^mmmm 
mizx^xtmmii^mthm-^v^j:<. mm 
w$rstt^<, f^mmz^^xmmmitt^if: 

[ 0 0 0 5 ] -:)5r. mmA i ^.-try y n yt^h^j:^ 

^£>^fcL. f«{I^-r^B#l^4)l5cl 0-1 0 0m 
^ifil^tL. ?JllXI^7!?«i:^roTh^--X^^OJg 

[ 0 0 0 6 ] ^ ii>{c. mmt. mmn t ^-x?^^ 

[0007] Mia»Wco^^M1~§ 

[00 08] ifmm. ta.-x^^^Mi}§rBiT' 
( 0 0 0 9 J $ 4»tc. ^mmmmitt a 

X i i: t LT VM. . 

[00103 

mwmmzmm=Ftmm=!'tmmrmzm^ 



[0011] cicoj; 3 m0.Lrz:i^m<D^mmw: 

(i. «^i^«'^Sr-irtfT i N ^j^vrmvi o S i , tcj: 

^-y^-ixx^^izmt^x^. miim'f-<oAmtm 

2 i m^^t^j:\^m'^\.zmt 

xmmimm±%<^j:^. ttz. ^yxr>'i^ 

yi?--^K (MoSi, ^r.f^{si)<ofit:j;o 

fcJ:0, I«;3 0 0-2 0 0 0j«Q- cm<:OJtStli:"r-& 
C b -h^X^ .10 0 /D-^k Q/DcOi^- mm 

^thmm=f-mm(7)f^^-y-^^ xx^mzmm 
hz.tt^x^h. tfz. =^^)fTyi^^w nx. mo 

S~lC{zi^\'^X^-VWmfAbLXfu<m\^^fiX 

^bm\m^-^<mwL\^'^t\-^. Lt-i>. r> 
^)z^^)^ym\^fzmazmLxms%m i/sm 
mzmx^^fz^. im^iuznixt&mmcom^ 

As^Kt^Hb bbi:>iz. t&m^ji^j: b'l,ztm 

ixmwmim(om(r>mmf^x^ ^ c t 
mi^mw^mtmzcoxmzm^xmf^x^ uz 
mrn^f-mmt^^mimt^-bt^x^h. 

[0012] mmm-'k^tsT l NcOi^. 

mmbLxhtm\.x\^^£\\ ttz. ^mm- 
m^25m-%^^±%\^b. m&m\mt^i^> 
( T i o ) *«^<®B£sti, mm LtzmzT 1 
mm$^<^j:htz^. mmmik^iiy^^xmmti^ 

mtt^ii^iii^hh, -If. MoS ti. xcolSr 

1. 7-3. 3.#fc2. 0^x^2. SiZtl^ibt^ 

3i:0>^§V^i§^. MoSi, i7)M'ftfM.m<^0. 
rn^X±XMm^^i>Z<<^j:mi)-^X^j:<.m'it<^ 

mmz X o T -g. -en*^'^ i. . 

[0013] mm=fli. 5-1 0 0 nmizt^ 

Z b il^X^ hi)KW.tl<li2 0-^-6 On mmM(Om^ 

mmxhhbbi^i^z. m^^fziibt>zmmm(r>x.^yi~y^^co 
X. tnx<7)mM^^^m-hb. m^it20jjLm\:j±x 
b. i^-mmiooQ/umrb^j:^xmmm 

1-|.<3DH3SLTV^^rV\ t^j:hio. T. Moch i zu 

kimmmz^hb. xji^yi^(,zx-oxim^tifzm 
^soonmcotyxryi/yi^-f m. i^-hmfu^ 
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S i (Om^zX':>Xmi 3(7)X0i,Z^ittl (IEEE 
Trans. , Electron Device, Vo 
L. ED-2 7, 1 980) , mi>Z. ii$ar6 0nmm 

[00 14) mi 3{i, MWMotS i i:(7)«it^ 
^LTiJO. SitcMt-^MoiOib (Mo/Si) ^tts 

!». ^bX. x=2. 3^0^-^. Jli[§3 00nm<0Mo 
Si, (7)i^-himim2QA3Xh^. ^(Oi^'-h 

[00153 mim=f<oigm\±. mm^fioiMizmi^ 
ixi,x<. mi>zTmzm^ixi^x^\ mm=f<7)ig 
mmm^<7)±mzmm-^i^. mm'fc;)±mz 
mmzmtmmf^uc^^iYiximmm'?-i>z^ 

[ 0 0 1 6 ] . mmw. -Mcoy- himm. 

immmi^zm^^xmm-^ ^ t^^r^ ^, i^j:h-h. 
mmw. &)m'^x'h^hyy'j:^i$'<Dy-him 

wm t*(o±iii,zmm^if txmm- ^zt t^^t 

xwA'tfzmmzm uz^i^it lx^-v% 

iirmmizimt^. mm^fit. mm 
mizm!^ti::-nmmm(,zm^^xmv^. z<o 

Wf^. mm'Fmmit. w:m^m->xm.nfzmim 
i.zmj&Ltiii^iYLxmmmmtiiix^\ 
[00 17] tfz. :¥m^izi^^h^wmmi. ^mw^ 
m^i.trdt^mmmzmm^f-tmm'ftm 
m^^m^zm-^ix^-^^^w^mizii\^x. mmm^-z: 

^mmzLxhh. 

[ 0 0 1 8 ] icT) j; 3 13« uz-:mm±. t a.-xm 

fSLtxh^fzi^. m.wmmmm^^fz^iiZA^^^x% 
sitcj: -^xmnx^mzmmL. ta-xt Lxm 

[00 19] -euT. mmun=f'(^tz,^xw^fzh 
mmmmMziy). }i:^'~xm=f'mm-mmm 
^sr-^tfT i mt. 'mm=?'m5'--2 5m-%xht 

, x^l. 7-3. 0.mt<lt2. 0-2. 5 
mam'f-^t. jf$^5-100nm. 
mt U <t42 0-6 Onmizm-t^. 



[0 0 20] tfc. hjL-xm'fit. <txn^^mt 

0. tx-Xm'?'<^-^(^m:. 't^j:h-h<l/tiUXliU 

m-^'^izbij^x^^. ^ix. tzt-xm^mm. 

mizmj&t^ctij^x^^. 

[0021 3 ±mmmmw.m^tcib(^mmm 

mmzmmmt^mnmmm^z^^Lx^^ 
^mmmm'nmizii\,^x. m^mim^(o^t 
mizmmmm-^xnt. mtmm<om(,zm 
sr-^trT i mttz^m o s 1 , mmm-^xnt . 
mzm^^tiT i Nii^JtMiaM o s i , m^jdx 
ixtmm^ttzith a-x^^ir)^^^< t i.\>^-nit^ 
-iim!^thxmt^^tsm^t^j:-ox^^^. 
X. mm'fhh:L-xm=f-hm-(^m^ttm 
ti-i::tizx^. n~coxm(.zi5\^xmmm-ti 
if. xmrnmrntrnti. m$i^mmco^xh^im 

[00223 mm=^tfz\t^ ^-X5gi^<7)ii^^< b h 
u-ftit^ifm^.'thxumz. ^mm<7)m^z 
mmmm-hxnb. mm'ftfzith^L-xm'f 
(7)±mmm.iz-mn.z:mm-^xmb. m^mm 
r>x±mm0.itz<7)ii>. mmnnxixmm'f- 

tt:ltt:t-Xm'¥'(^nM^Bm-i> Z b h . 

[ 0 0 2 3 3 § imm^zmmmmm:)! 
mt. m^fm±ttz\tm$wmntzmm'f'b^ 
mmtmmmzt^-^ ix ^^^hmmmmii 
m,zH\yc. immimmzmmmm-^xu 
b . m^m(n±,mz'p^£< b %> 2jjU:«oy- ms 
€gs ^-vnmmbmxnTm^^ixhw^. ttz 
immmmm-^xmb. nm^mm(omi.z 
mi<ommm0.t^xnb. m^y-hfm. y- 
himm^bmxnxm^^^M&. ttzitm^T 
immco±Mcomm i (7)mimi>zm i conm^m^ 
tixub . 1 <om^w.co±mzmm^^tsT i 
Nii^/ifiM o s 2 , m^mm-^xub . wmm^ 
^tsT i Nii^/cmvi o s i , m^Mxix-M(^m^ 
y- hmmtfzitmiTimmizm<'oxw,mwz 

{tt:L-xm=f<Dd^^^j:< bh^-^-rtit^lf^Bf^t^X 

Ub. mB^i^»(^:mi>zm2(Dm^mmm-^ 

XUb. mBy-h'mtfzmiBrimm<7)±^(7)m 

iB^ 1 <7)mumbm 2 <Dimmb ^nm ttzm 2 comii 
^mm-^xub. m^2<7)mmm(7)j:,miz^mm 
t:m^uz<o-h. mmnnxLxm^y-h'm, y 
-himmbmxnxm0,^tLtm. ttdtrnti 
ymm^zmmuzmmmmttzimtit a-x3^ 

[ 0 0 2 4 3 ^mmhmmmmm 
a. mia^mhtinummmmzmm^bm 
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m-^xnt. mt^umcoxmizmm^^tsT % nm 

T i Nii^/i^BUiaM o S i , liS: JflX bX-McOm^ 

miizmmmm-^xmt. immM±mm 

mmmxLxmmmizmLi::mmm=f^t 

fzmmh :L-xm'?(omimm'^xmt ^^t^ 

x'^^ztm-t^zttK'^^. 

[00 2 5] -etr^ mm^i^t^nmmm-^x 

mi. XJ'^^y:^i,zXK)TiNm^m^^^t^xm.t. ;^A- 

>yi$^Kxm^itiriNMmm^^y^w<f^x 

i m^mitt^ xmt ^i^tsx ? ^ t-^ ^ , 
[ 0 0 2 6 ] $ ^>{i. mmw^-^-^tsT i mi. ^m^s 

hmm^xr='-}VLxmm^xhi\\ ^tx. m 
osi, m\t. Mo Si, m<nmLtn-<^m.^^t 

$MoSi, ^^-'rvVbhfCi:^^'^-jnzXm^t 
[00271 

mm^zmmh. 

c 0 0 2 8 1 n ifm<r>y^ 1 mimmxz^h'^ 
mmn.m^wi^mxh->x. ( i ) ^immmn 

[00291111 (1) tC^sUcJ:afc. #^f^^El 
vUay^fc>A>:5r^^f7ic«i2<;o±gjii;:i^ 

hvmmiAtimifXM. ^<7)xmzuos\^ [zi 
m\Si,Lfz^wm=f'X'hhmm=^i em^SLLxh 
§ h\,z. 2<7)±.mz\t. mm=f\e 

WLLxhh. Mosb5yy;2.^9oii. m\mw,i 
2(oi,mzim^ iY-mm) iAtitLx*f-v 
'm9 2msixh^x. :L<r>^-v'm9 2(mm^z 

[0030] =3:43. mm'f'ieit. mm^tfnn 



i>x<. ^mmmmi>zm'^^MLocos^j:^iz 
X'oxmi^ifzm'f-Mmiixh'oxi.XL. i&^i 
i4cori,zm=fmm-^fix\^6i^izit. mmm 
mtmhh\>^i.tm(ommmmx'$)'ox 

(,znmi,z^ymis^ti. c:ii^><07:^h'S{5i8is 

t&m^ 1 6 tmm 1 4 1 m^fzmwmco 1 2 
i^v:3ym^}m:t'i>z^^mm22mn 
xhh. :i(omm2^z{t. m.mi (>myYU 
tnmuzm.kzm.mmi ( ^y^9 2 
AtmixM. :i(r>nm^2A^i^Lxmm=fie 
^zmm\<zm.^titzmm=f(^%meifmm2 2 
ff^xmz3\^]^^fix\.^h. ^(n%m^it. %mm 

SCOii'^, TJV^^i^M. (Al ) tfz\tr}V^:::~^2>.^ 
^mt\ts Al-Cu-^^. Al-Si"Cu^^^ 
b) . ^h^Z\m. TiN. TiWJSrt'WN'U-V^:^' 

[0032] ::c7)j;oiC^fi5tU^MoSi, ;6^A>^-5.|ffi 
(MoS i, mm'f) 1 6ii. MohS i tco 
mjt^^i.l»ii:(wj;0. ^.^3 0 0-'2 0 0 0//Q • 
c mOil^fitt tl. C t **T'^ .10 0 Q/n-l8ck Q 

y^^xxm^m^irt^Lbii^X'^t, tfz. ^ur 

\^^iuznLxmmmm^A^^<'fh:: 
bf)^T^^bbUz. tsumm}fizmix. 
mmmi^'tmMcoxmzfi^.'^xmx^. mtm^ 

[0033] i2i2ii. m2mtmmm^mmm 
commmmxh-ox. {Dmrnmrnmrnm. 

(2) W^«^iOha-XS^i:^<?DmiSi:«^^ 

M3 oti. m 1 mammiziummm o^m 

m'fieiZitlX. MoSi, *-A>^^ta.-X^i^3 
#?ii^^Eloa:|Bll:T'&-&. tJt, ta.-Xm=iF32 

t:TiONi,zx^xm^ixi»x\i^zbi>mmxhh. 
[0034} tctsL. :i<om^mmm&^:L-xm 
^3 2ji, mm^ym3 4<^Mmmmmizmx 
mmm<^j:hXom^txh-yx. m'^yms 
4m(ot^^mz<r/fim(7)m^^:t.-x^m3 



<7) 



^m^l 1-19 5711 



coo 3 5] ^C7)XoizLXm^ltzUoSi, t^^tj: 
|,fca-X3^^3 2^. x = 2. J^^t^3 
Onm. <lffin\3e(0Wliim(nm^^ lOmAf?) 
%Wi^mc J: 10msec W^X-mmh C 
a::«f«T'$-S.. t'S:i3^> Mo fcS i fc^OMl^Uts&^l : 
2. 3-C'$>-&^UrTVS'y't'<hm, Ji$!&«3 0n 

uzms^zTT^uzio^mmh^. s-iomA^ 

(mmi^ir::b\zl^. l OmsecOT-CM^-t^: 
I. ^ ii^Xt h.m.->X. 'P^j:\^%WCCW^mz^$j\.z 

mmnmmmmfj:z^^^^z^^j: o t ^^t-^ 

COO 36] 114 {i. ^3^»%^^t/::t)OT. ^ 

mwrnm oo^mmmmmhxumxhh. 

C0037] t-f. 114 {B.)kZmLXhh^okz. # 

<O±0ife®(CM o S i , M4 0 Sr«-r ^ . Cl^OM o S 
i, mO(nm\t. MoSi, Il40(^^t|3|t^ 

[0038] UohSWitnmMt. MoSi, 04 

^mm. 'mm^'^%'^^<f^m^^m%mz 
tsm^m^xm^mtx^t^. -et 

X. ^-y7h<7)MoSi, 1. 7gxg3. 3iO 

iC0&OTtl>C:t?^'T'^l.*^ 2. 0gx^2. 5(0 
i)^O^TO«^fcA^^tV^, X7t><l. 7J:D4^$V^ 
^Urr^i^U-t-^ Kti. JilSUcMoSi, M4 0 

i?)j«K*M^^<, mmtixhtmix^^^^xw 

tfz. x*^3. 3$:Mi.^J:d^^U7'f>'>'U-9-^H 

mmtm^^^^^. Mx^^Mmmzmj^.m^, 

ttz. Mo Si, m4 0(7)}^^li. S-lOOnmT'ifo 

^j:mmmttuzm^tixwh^^tz^-t^^^ 

20 nmmLXhh:ibimtU\ ttz. mif\o 

ih^j:->xwsLb Lxm'fm\izmtx\y^j:\\ m 
\z.m^^eon mm\zt^ b . nnmnm-^t 



1:2.3, 1-^;b^x-2. 3^0^ U T'TVi^Ul?--^ 
Hri^-y-zha: tTffl^V 8X10-3TorrC0r/U 
rf y;*'X#liMt|3T'D C -7^/^> h n yXJ-^ ^y^\,Z^-oX 
Mo Si, 8^4 0^/1:^4 Onm0R£L?to XA".y:i?i7) 
n.-n^m±2, 8W/cm2 T'^^-^T, HMcO^^^jffiii 
400nm/mi nXhh. ^LT, M^tlT^cMoS 

i, mOiOjtJSfiimtJim-Q- cmXm. i^-bE 

i:mt;24oa/Drs>-5, 
C0040] c:c7)J:3(cLTMoSi, motmx. 
tcf^ip. y^h^JV^^y^-mazX^mm'M'm 

^xmm=?-=f'mm(OM o s i , igi4 o ^^tr 

J£«^l 6$rB)i^1-S (114 (b) ) , 

(C) C^LJtJ:a(::> ^«mi 2(7)^Mtc>'Un 
yig«^H';6*«^^-&|gM2 2^CVD^:5rfc'fcJ:-> 
T2 0 0-4 0 0nmfiJtliL. X7f-yiJ^LT«5^i^ 

1 6i7)7>'hmMtacO®®?L24^«-t-i.o 

l£»2 2$:?SoTA 1 ttMAl^^ mtif. 
Al-Cu-^^, Al -Si-Cu-^^^h') . 
ari, TIN. TiWJ5ri:iOAU-\';<:5';l'hA 1 ^fv! 

:J^tCj:0 5 00nmaj!tmm-r'g». tetT. y^hVV 

mUc(7)*>. (C 1 ) m;^f;^^fflv^3rcH^'<x.y 

HI ( d ) iiZTFiitcx 0 f,z. m2 6 mi^ix^m 
moi,z-t^. 

c 0 0 4 1 J c*o^4 tc^L3tiS3txm. mmi 
e^tthmmmioi,z^\,^xmmit:i3i^. b^- 

XW3 2 ^^t^^m^m:3 Qi>z-?\,^xmmm 
mth::ti)K'^^. ttz. mm'fiebtju-xm 
'f3 2tm~'(oxmizii\^xm^^ixi>x\\ mm 
=fi6bh :L-xm=f-3 2 bm-(oxmzh\,^xm^ 
-tfi^f. xmm^mti. ■:3xh^im't^zbi^ 

CO 04 2] m%t^(7)mm^^^Lfch<7)x\ 

<D^iim(r>xnmxhh. 

C004 3 3 t-f. 15 (a) Jc^LT^-g> J; 5(3, m 

ut nmz Lxmmm 1 2io±:^ici^;s 1 4 m 
m-h. mmi4<o^mm^xm'\t^i$^=^ 

^Jx (Ti N) ji42$r».-r-g.. C:OTiNi|42 

ii. mtifrji^^y:ffx^i,zmm:^Th^m:^:^^ 
mtitT6 0%U-^l. ISO-C. 6Xl0-3Torr 

tcTf-^y (Ti) i:<oyr^r'f:/XA-.y^tcj:05 
-lOOnmJfimt^. »:{C> MCb) K^Ucid 
tc, TiN|i42^J^^U^^fi^l 2^1X10 
-6-5X1 0-4 To r rm.(OmTi>zm.l. Wx 



(8) 



#^¥1 1-1957 11 



^.;pdj^-3 0 k e V<7)mm-i ^^b'-i^ 4 4 i 
4 2l,Z&lxmm^ty's: l x l O^s-l XlO^^c 
m^m.m.L. mW.'f^^A.fzT l NI ( T i on 
m) 4 6izt^. -e-cof^, Mfii»^/^«i;:7:r 

^^MiliWhOTiON]i4 6arI^L. TiON*>i^ 
=5r§J£Si^i^4 8^?^^'r'l. (E!5 ( c ) . OT. 1214 
fiO { c ) . ( d ) iOXatm^coX^^^T, T i ON 

(d) ). 

[00 44] ;i<r>Xol,zlXB^tt:Tiom^^^j::^ 

mM=F4 8u. m'^:^y<o^}sMf.zx^mm. 
tcXdi>z. TiNmMzmmm'f^m.thztizx 

[ 0 0 4 5 ) ^i3. Heti. T i N)i4^i7)i^l^^i^fi 

^Lx. mma. TiNm0mm^^sUzh(Dx\ m 

[00461^4 <omtmm.iz^\'^x ^ . »s^4 s 
izi^txr i om>i^^j:h^y,-xm=f-2:tt^^m 

{0 0 47} ttc. msmmmi,zi5\^xii. r i n 

1^4 2S:^U^C0^> ^:t>'^W0TiONiS4 

mmt. T i N ji4 2 ^ij'ft u/^ «9 , t m 

m:^':^tmm:^j:^tmm%^xr=i-jvix hxw 

[ 0 0 4 8 ] T i NM4 2 ^itlXT i 0Nli4 6 i^Z 
t^ii}-^. 4 0 0-7 0 0'C<7)mm:^':^m^^X 1 5 

yXA-.y^J'tcJ; i 0NI1^4 e^Mt-g^ii-^. 
;yxtc»mt:T'5%^«^;!fx^?M-^L. i!Jiie^4 
IIMi7)«T'3ili^fcT i WWA 2(nmihmt(n^^\X 

Xf'^v^-fh^i't^zX'Ot^ix.h. TiiM^r--;H 
TTi ON|I^4 6(C'r^^. mi.\mmx^%i]7^ 

9 7%. »;<f;?.3%. 4 0 0-7 0 0TO#S^t|^t' 

1 5-4 5^ta^^!iystn«rj:v\ 
[ 0 0 4 9 3 ii7{i:. %3%mmw!zmwmnw> 
y^xhh. S7 (a) {cs^u;/iJ:d(c. mmw^ 

1 2(0^ffit3$g^l 1 4 m^htL(n%. Y'm^: 



T2 0 0'-3 0 0nmmmt>S><. »114{i:. »M 

hh. tiz. y-MES'fctrti. Mosi2 m4> 

yr^yie|lt'^J;V^, ^cT)!^-^. CVD^^twctD. 2 0 
0-500 nm;KUi^y3y$:itmt. POC I3 

[ 0 0 5 0 3 Y^m^Wizyic vwjxv 

«5^^S5W^Og?^(50M o S i 2 0 ^m:\.Xm. 

(nY-v'm^zmmh (i^^(b) ) . ^0M. 

5^ y 3 y^«=Sra:>^'5r-&m 1 ^O^Hi 5 4 
1 2<0^Mfcif $ 4 0 0 n m^Jtimt S . 
[0051] |5|i! { c ) \zm.fzX a (c, C?y;clf 

-my- hnm 5 2 eo^tLf^tLC7)±:^{3&w-si^ 1 
mums 4 ec^ 1 ^omms e ^muf^tT)^, ^ 1 
imms4</)mm^xmnm=^mf&t^t:ib<Du 

oSi, 1^4 0 5:5-1 0 0nmifll-r>g>. ^COfi^. m 

muztmrnizixMosi, iM4o^x.y^yi/b, 

117 (d) (-^L-C35-^J:atC. -M(Oy'-h'm5 2 

mizmmth:'uz. y'-hwm5 2bn^miztm^ 

ik. mco^mzz^^Jziymm^j:t'i3-i^^^m2(Olt 
M5 82rl0 0-3 0 0nmt^Cfi0*>. 

6 iz^mixh^y- h-m 5 2 <r>}Ln<n% 1 »ii 5 

4 i:^2i^W5 8i:SrJI3i§-^3tll2®31?L6 O$:0 
J^l-S. ^2<0^ail58<:0^frtwA 1 ^TttiA 
l^(fl^;t.t^. Al-Cu-^, Al-Si-Cu-^ 
^=5:i:') , $4>tCtiT i . T i T i W^rfc'^OA'y-^* 
;<^;Pi:A 1 t.fz\tP. l ^^i:<^€;^^*Hi:'5r^(;)^m 

J: >9 btM 5 2 tim^flt|fc^g^$iDtlScl« 

ffl<^'M26^?g^L. Mosi, jgtjias^ie^it 

■r'&^^#c^S6 2tw-r^. 

[0052] ^iJ. <rcoMfec7)Mt-i5V^ri. MoS 
i, iCfti.TTiON:6^ii>^>g,«»^«tTi>J: 
\,^t. MoSi, ^fv!iiTiON;6^i^^l)ba.~XS^ 

^?^fi!tLT^j;v\ t.fz. mimmmmz^\^x\t. 

^r'~MW5 2»fi£1'^i^ecoV^TMt^c*^ ^r' 
-hm^5 2{Cft;trAl^/;!ti:Al^(^R{f. A 
] -Cu-^^. A 1 - S i -Cw^taZ) > %h\Z\t 
Ti . Ti TiW^i:'<7)Ay'V;^:^';^hA 1 tfcXX 

Timfmi>zm^':>xmm'F^t.3.'-xm'¥-m 

[ 0 0 5 3 ] us. mm. memummm^m 
wm,mm^(oxmmxh^. z(Dmmmi,zis\>'^ 

Xit. t-f. us (a) fc^UcJ:5tC. yy<P)^ 
bS ( As ) :S:HW]^<?D7^-f:ty, iLi^cliii^n?^ 



(9) 



mm^l 1-19 5711 



m^com miif. 4oonm)itm-r'&. mz. n 

, MoSi, il40Sr«t 

5 (lais (d) ) , 

[0054] ^</)m. m9 (e) tl^t?tJ:d{=s ffge 

1 4iO±g0tC^f4^«l 2<0^mm'oXi^V 

fz<Oh. «iS64c7)±»|fiM14h^lM22i: 
«3iUc^2C0®3SlL6 8^«t?> (09 (f) . 

(g) ) , ^<r>\k. ^mm2 2(n^m^^-oXA\ ttz 

\ih\^mi,\t. A!-Cu-^^. Al-Si-C 

4\,zn3mmmuzmm=f-mim2bm^i'. m 

0 S i ,A*4»^:Sjat«^l 6 ^H|-r^^flt^^7 0 

[ 0 0 5 5 ] ^rfc . ifm.mwizi6\^x i>mm=¥' i 

6^:f^i.Tha-X^^^?gJ^tLT^>j:V^U. Mo Si 

[ 0 0 5 6 1 m Oti. m7^iO00{Cf^^#®#:^ 

1 2co±^tcm(t/i»l 1 4coJiM(::ivi o S i , 

4«fi5cLT^§. -ett. (^5^dih^-X 
7 4c7)MMt^. -»m3^^ {^/;:{i:h^ 
-XS-^) 7 4fc^cO±tC«U^|fe«7 6i7)Ma: 

2 6«li^trr^-|.. CiO^»MOj:d{C. 1^2 6 
W7 6i^. iM2 6^x./f-y/tcJ:0M't§l^=^ 

[ 0 0 5 7 ] 1 ^Bm^mB\>zmmwm 
mmmxht. m\ uz7rsUcmmkmB\t. 
mmi4m^Li^(^%. mM=f-{tfz\t^:L-x 
m=f') <nm2etmmi4<n±}izwm^tx\'^ 



[ 0 0 5 8 ] HI 2\,t. imm(nmm^(^mmz\^{x^ 

m.BO\t. MtfzltAX^^ Al-Cu 
Al -Si-Cu^^^^-) . §<i>{-{iTi. T 
iN. T\'Nti:}L<7^^^^)^^^}VtA\tfz\th\^± 

t<7)m.^'^ht^£}:tf*h^j:^nM2 6i)mmi4<7)}L 
mm.w^^txhh. ^Lx. Mosi, ^fz\m 
oN3&>^^r-&sfiiai^8 2ti. mm'^ws4\,zm 

iB^txhh. ::<^Xom^Lf^mmmm. 

u:^'7^yu'->'aym.m. mifj^hu-/^f<nm.^ 

1 0 0 5 9 ] 'Srii. iKommBrnf^z^^-^xh. mm 

^82^TiON(CJ:oT«-rS<ri:*^'T'^. tfzt^ 
»^8 2 b nU<OJB^<nh ^-X»SrM o S i , ^ 

fzHT iomzx ^xmm-^ z t f^x^ h . 

(0060} 

iwmm^} mLi.zm^nLfzXo^z. ^^mz^ii 
mm=i-^^u=f'^'^m inttzimosi^ 
izx^xmmh:it{zk^. mM,^m$ikz±^<'f 

j^^-y^Axxmrni^'t^. mm=f'(r>m\t^ 

1 0 0 6 1 1 ^3t. *I|HJ{= , t 
[0062] ^LT. :mmzXiX\f. 

-xm^f-t tn-m.<7)mzi ')xn-o^iWiz^\yt 

{mil i^mmmmtmm\.zm'^\mm.m 
mpmxh-ox. {i)\t^wm.<mmm. 

m2\ if^m<r)W.2mmmkzm^wm.(rm 

{ 2 ) \t^mmm.(r^\:.:^-xm=ft^(riimb(m{% 
^^■twmmxhh. 

mt<mm^tmxh^, 
[m5}m4mmmzmmmmmm^ 



(10) 



#^¥1 1-195711 



cue ] T i nm^(7)mm=f-(7)&tT \ NmMtmi 

[119 ] mm^mmzm^-nm<^~-ujmm: 

h^x. mB(7>xmzi^<xMmxhh. 

mi oimmmmmzm^wmmwmv 

mi I ] ^smmmwizmmwmwmmx 

mi 2\^9%mmwizmmwmwmmu 

10, 3 0 

12 mwm 

mil 



0) jfi 




12 





.-IS 
















\1\ 




o 








w 


O 



1 A 






1 6 






22 






24 






26 






32 




MoS i, tjr— 


36 






46 






48 






52 






54 






56. 


66 




58 






60. 


68 




62. 


70 




72. 


78 




74 






80 






82 




mm 



m2\ 

CI) 




(11) 



1-1 9 571 1 




(12) 



Itli^l 1-1 9571 1 




(13) 



1-19571 1 




SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

Patent number: JP1 11 95711 (A) 
Publication date: 1999-07-21 

lnventor{s): ODA YUJI; KOIKE MICHIO + (ODA YUJI, ; KOIKE MICHIO) 
Applicant(s): SEIKO EPSON CORP + (SEIKO EPSON CORP) 
Classification: 

- international: H01L21/02; H01L21/82; H01L21/822; H01L23/525; H01L27/04; H01L21/02; H01L21/70; 
H01L23/52; H01L27/04; (IPC1-7): H01L21/82; H01L21/822; H01L27/04 
-european: H01L21/02B2M; H01L23/525F 
Application number: JP1 9980254416 19980908 

Priority number(s): JP19980254416 19980908; JP19970294590 19971027 
AbstractofJP 11195711 (A) 

PROBLEM TO BE SOLVED: To miniaturize a resistance element SOLUTION: For a semiconductor device 10, an 
insulation layer 14 composed of a silicon oxide film or the like is provided on the entire upper surface of a 
semiconductor substrate 12. A resistance element 16 composed of MoSix is formed at the upper part of the 
insulation layer 14, and an insulation film 22 is provided on the entire surface of the semiconductor substrate 12 at 
the upper part of the insulation layer 14. A through-hole 24 is formed at the insulation film 22 which is positioned at 
the upper part of the resistance element 16, and an electrode 26 provided on the upper part of the insulation film 
22 is connected electrically to the resistance element 16 via the through-hole 24. 



